The partial sequence of a gene encoding the COOH terminus of a protein of apparent molecular weight of 160 kD associated with the flagellum of trypomastigotes of Trypanosoma cruzi (FL-160 now renamed to FL-160-1) has been previously reported. The COOH terminus of FL-160-1 has an epitope, defined by 12 amino acids, which molecularly mimics a nervous tissue antigen of 48 kD found in myenteric plexus, sciatic nerve, and a subset of cells in the central nervous system. We now report that FL-160 is a family of highly related genes. The sequence has been determined for the entire open reading frame (ORF) of one of the members of the FL-160 gene family (FL-160-2) and three other partial ORFs. Sequence analysis reveals the various members of the FL-160 gene family to be ~o80% homologous in the predicted amino acid sequence, but all retain the 12-amino acid molecular mimicry epitope on the COOH terminus. Comparison of the sequence of FL-160-2 to other sequences demonstrates amino acid homology to bacterial sialidase (27%), members of the SA85 gene family (25-30%) and the shed acute-phase antigen/neuraminidase/trans-sialidase gene family (25-30%). Quantitative hybridization at high stringency suggests 750 copies of FL-160 are present in the DNA of each parasite. Reverse transcription and sequence analysis demonstrates that at least five of the members of the FL-160 gene family are transcribed. The NH2 terminus of one of the FL-160 gene products was expressed and antibodies prepared. Antibodies directed to either the COOH or the NH2 terminus of FL-160 bind a 160-kD T. cruzi protein. Both antibodies bind the surface membrane in the flageUar pocket of the trypomastigote. Antibodies to the NH2 terminus bind epineurium and scattered linear densities in sciatic nerve in a pattern distinct from the pattern with antibodies to the COOH terminus. Thus, there are at least two distinct molecular mimicry epitopes on the FL-160 molecule and both mimic epitopes found in nervous tissues. FL-160 may be involved in the generation of autoimmunity to nervous tissues by molecular mimicry, observed in chronic Chagas' disease.
T
he World Health Organization estimates that 16-18 million people are infected with Trypanosoma cmzi, the protozoan kinetoplastid parasite that causes Chagas' disease or American trypanosomiasis (1). Most persons infected with T. cruzi are asymptomatic. 10-30% of those infected with T. cruzi will have manifestations of Chagas' disease in their lifetime (1). The manifestations include cardiomyopathy, neuropathies, and dilatation of colon or esophagus due to destruction of the myenteric plexus (1). In sites of tissue destruction, parasites are almost never found but inflammatory infiltrates oflymphocytes and maerophages are frequent (2) . Autoantibodies and lymphocytes directed to cardiac and nervous tissue are frequently found in those with Chagas' disease and experimental animal models of Chagas' disease (for a review see reference 3). This has led to the hypothesis that autoimmunity is responsible for the pathophysiology of Chagas' disease. Many workers have demonstrated that autoreactive Abs and lymphocytes are also directed to T. cruzi antigens (for a review see reference 3). Autoimmunity in Chagas' disease has been hypothesized to develop because of a loss of tolerance for self-antigens combined with molecular mimicry of host tissues (particularly nervous and cardiac tissues) by T. cruzi (3) .
FL-160 is a candidate for molecular mimicry of host nervous tissues by T. cruzi. FL-160 has been defined by expression of the 3' fragment of a gene from T. cruzi, representing the COOH terminus of the FL-160 protein (4) (5) . Abs to the COOH terminus FL-160 recombinant protein recognized a 160-kD surface protein associated with the flagellum of T. cruzi trypomastigotes, the motile form of T. cruzi found in mammals. These Abs directed to FL-160 also bound mammalian myenteric plexus and peripheral nerve axons (4) . The FL-160 cross-reactive epitope for binding of anti-FL-160 Abs to mammalian nervous tissues was mapped to a single 12-amino acid peptide encoded within the 3' end of the FL-160 gene (5) . It was also shown that humans with Chagas' disease make Abs to this cross-reactive epitope and that these Abs bind human nervous tissue (5) . Thus, the molecular mimicry epitope of FL-160 may have a role in the development of autoimmunity in Chagas' disease.
We now report that FL-160 is a family of genes in T. cruzi. We have cloned partial sequences of three members of this gene family and a complete sequence of one. All of the members cloned to date encode the 12-amino acid molecular mimicry epitope. The NH2 terminus of FL-160 has amino acid homology to bacterial sialidases. Quantitative hybridization suggests that 750 copies of the FL-160 genes are found in each parasite. At least five copies of the FL-160 genes appear to be transcribed. Abs directed to the COOH and NH2 termini FL-160 both react with a 160-kD protein on the surface of T. cruzi trypomastigotes present on the surface membrane in the flagellar pocket of trypomastigotes. Abs to the NH2 terminus of FL-160 appear to cross-react with a different epitope of sciatic nerve than the Abs directed to the COOH terminus. Thus, FL-160 has two molecular mimicry epitopes in common with mammalian nervous tissues.
Materials and Methods
Parasites. A subclone of T. cruzi CL strain (6) was used for all the experiments described in this paper. Trypomastigotes were grown in coculture with murine BALB/c 3T3 fibroblasts in DMEM with 10% newborn calf serum, and epimastigotes were grown in axenic cultures in liver-infusion/tryptone medium with 10% FCS (4) .
Cloning and Sequencing of FL,160 Genes. The cloning and sequencing of Fb160 was previously described (4, 5) . FL160 will be renamed Fb160-1 to distinguish it from other members of the multigene family. FL-160-2 was selected from a library of genomic DNA cut with BamHI and ApaI, size selected for 3-8 kB fragments, and ligated into BamHI and ApaI cut Bluescript TM SKplasmid (pBS1; Stratagene, La Jolla, CA). FL-160-3 and 4 were selected from a library of randomly sheared T. cruzi DNA in X gt11 that has been previously described (4) . These clones were initially selected by hybridization with 32p-labeled Fb160-1 PCR products (see 3' FL-160 probes below) using high stringency washes (0.2 x SSPE [30 mM NaC1, 2 mM NaPO4, 0.2 mM Na2 EDTA, pH 7.4]/0.1% SDS at 65~ Sequencing was performed in both directions along the open reading frame (OR.F) 1 using PCR.-mediated amplification of •300-400 bp products (7) . In brief, 1 ng of cloned DNA was amplified for 27 cycles of 94 for 1 rain, 55 for 1 min, and 72 for 1 min. The reaction product was selected using a low melting point 2% agarose gel and purified from the agarose using glass absorption (Geneclean IITM; Bio 101, Inc., La Jolla, CA).
Then, one of the two primers in combination with the Dye Deoxy TM Terminator Cycle Sequencing kit (Applied Biosystems, 1 Abbreviations used in this paper: AS, antisense; CUB gene, calmodulinubiquitin-associated gene; GST, glutathione-S-transferase; OR.F, open reading frame; pBS, BhescriptTM; S, sense; Tc exoant, T cruz/exoantigen. Inc., Foster City, CA) was thermocycled, the products purified on a spin column (CENTRI-SEP TM, Princeton Separations, Princeton, NJ), and run on an automated DNA sequencer (model 373; Applied Biosystems, Inc.) at the Molecular Pharmacology Pharmacology Facility, University of Washington. Where this did not lead to an unambiguous sequence, single stranded DNA (ssDNA) was used for template, ssDNA was generated from pBS FL-160 subclones using m13 helper phage and purified as recommended by the manufacturer (Stratagene). Sequencing was carried out on ssDNA with either the fluorescence-labeled forward (21M13) primer or T3 primer (Dye-primer kit TM, Applied Biosystems, Inc.) or unlabeled primer and the Dye-terminator TM kit, as necessary, to resolve ambiguities. Oligonucleotides used for sequencing were as follows (except as noted, number refers to first bases' relation to FL-160-2 for sense [S] Many primers have one to four base differences from the expected sequence to allow the addition of restriction endonuclease sites to the PCK products. Oligonucleotides were synthesized on a DNA synthesizer (model 381A; Applied Biosystems, Inc.) at the Molecular Pharmacology Facility.
Analysis of DNA sequencing data was carried out using the IntelliGenetics TM package of programs (IntelliGenetics Inc., Mountain View, CA). ORFs in GenBank and EMBL were translated in three frames and compared to the Fb160-2 amino acid sequence using a fast pairwise comparison of sequences (FastDB TM program; IntelliGenetics Inc.). Alignments were made within this program, and homology refers to identical matches within the overlapping ORFs.
PCR Amplification of FL.160 Transcripts. Amplification of FL 160 transcripts was accomplished by reverse transcription with antisense oligo FL160-2 AS 450 for cDNA 1 and antisense oligo (Fb160-1 AS 488 (5) 5'-CTGAATTCAGTGGTTTTCCTCTG-CGG-3') for cDNA 2-5.5 #g of total trypomastigote RNA was reverse transcribed as previously described (8) except that a 37~ incubation temperature was substituted for 42~ and 2 #M of antisense primer was used. Balanced PCK using 5% of the resultant cDNA, sense oligo related to the first 21 nucleotides of the T. cruzi spliced leader sequence (21-ME oligonucleotide sequence: 5'-CCC AAGCTTC~ATACAGTTTC-3') and antisense oligos: FL-160-2 AS 450 for cDNA 1, AS 1926 for cDNA 2, Fb160-2 AS 1381 for cDNA 3, FL-160-4 AS 297 for cDNA 4, and FL160-2 1324 for cDNA 5. PCK was carried out for 32 cycles of 96~ for 1 min, 54~ for 1 min, and 72~ for 2 min. Products were visualized by ethidium bromide staining of a 1% agarose gel, transferred to a nylon membrane (Hybond-NTM; Amersham, Arlington Heights, IL), and probed with 3zP-labeled common oligonucleotide (FL-160-2 AS 911) and washed at high stringency.
FL-160 cDNA 1 PCR product was excised from a low melting point agarose gel, cut with HindlII and EcoRI, ligatedqnto HindlII and EcoKI cut pBS (Stratagene), and a single clone sequenced using the splice leader, Fb160-2 AS 450, and FL-160-2 AS 219 primers, and the Dye-terminator TM sequencing process as described above.
FL-160 cDNA 3 and 4 PCR products were excised from a low melting point agarose gel, and directly sequenced with the 21-ME oligonucleotide and Fb160-2 AS 1381 for cDNA 3 or Fb-160-4 AS 297 for cDNA 4 and the Dye-terminator TM sequencing process as described above. The FL-160 cDNA 3 and 4 PCR products were subcloned into the pCR plasmid vector (Invitrogen Corp., San Diego, CA). Plasmid was isolated from three colonies derived from cDNA 3 (FL-160 cDNA 3A-C) and two colonies derived from cDNA 4 (FD160 4A and B). These plasmids used to prime a PCR reaction using oligonucleotides Fb160-2 AS 1381 for cDNA 3 or FL-160-4 AS 297 for cDNA 4 combined with FL-160-2 S 775. The resultant PCR products were excised from a low melting point gel and sequenced with oligonucleotides Fb160-2 AS 1381 for cDNA 3A-C or FL-160-4 AS 297 for cDNA 4A and B and the Dye-terminator TM sequencing process as described above.
Production of FL-160 NH~-terminal Protein and A bs. Production of the recombinant protein representing the NHz terminus of Fb 160-3 was accomplished using a PCR-generated product subdoned into pGEX-2 vector (9). The product was generated using primers F1r $17 and FL-160-2 AS 1757, cut with BamHI and EcoRI, and ligated onto BamHI and EcoKI cut GST pGEX-2. This yielded a glutathione-S-transferase (GST) fusion protein with the Fb160-3 fused to GST (see Fig. 1 ).
A clone of Escherichia coil XL-1BIue TM (Stratagene) containing the appropriate PCR product cloned into pGEX 2 was grown to log phase, then stimulated with 0.1 mM isopropyl 3-D-thiogalactopyranoside for 2 h. The fusion protein was found mainly in inclusion bodies. The cell pellet was treated with 1 mg/ml lysozyme, washed with 0.1% deoxycholate, treated with 10 t~g/ml DNase 1, washed with 1% NP-40, and the insoluble inclusion bodies solubilized in 8 M urea (10) . This was dialyzed against PBS, and the resultant soluble fraction analyzed by SDS-PAGE. Over 90% of the stained protein migrated at 83 kD, as expected for the fusion protein (data not shown). A New Zealand White rabbit was immunized four times at monthly intervals with 250/~g of the fusion protein, and the immune serum taken 1 wk after the last immunization. Abs to GST were removed by absorption to GST coupled to Sepharose 4B (4), and Abs directed to the NH~ terminus of FL-160-3 affinity purified using the NH2-terminal fusion protein coupled to CNBr-activated Sepharose 4B (4).
Southern and Northern Blots and Gene-counting Analysis.
Northern analysis was as previously described (4) . Southern blots were performed using 10/~g genomic DNA of T. cruzi CL strain trypomastigotes electrophoresed on a 1% agarose gel and transferred to nylon membranes (Amersham) after 20-min exposure to 0.25 M HC1, 30 min in 0.5 M NaOH, and 30 min in 0.5 M Tris buffer, pH 8.0, with 1.5 M NaCI for neutralization. Gene-counting experiments were carried out comparing hybridization to 10-320 ng pFb160-3-PBS (7,000 bp) and T. cruzi DNA 61-1,000 ng bound to nylon membranes (Amersham) using a slot blot apparatus (PR 600; Hoefer, San Francisco, CA) as described by the manufacturer. Hybridization at 42~ and high stringency wash at 65~ (0.2x SSPE/1% SDS) were identical to those described previously for Northern blot analysis (4). Radioactivity bound was quantitated using phosphoimaging analysis (Phosphoimager SP; Molecular Dynamics, Sunnyvale, CA) at the Markey Molecular Medicine Center (University of Washington). 32p-labeled 3' probes were prepared from PCR products of Fb160-1 previously described (5): probe 3' 1: 48x Fb160-1 611-761 (see Fig. 2 [5] ) and probe 3' 2:FL-160-1 750-926 (see Fig. 2 [5] ). The 5' probe prepared using a PCR product of Fb160-2 and oligonucleotides FI.,160-3 S 17 and FL-160-2 AS 450. The location of these probes with relation to the FL-160 genes is shown (see Fig. 3 ). The labeled product was synthesized using a 100-/A reaction containing 1 ng gel-purified PCR washed twice by centrifugation in DMEM, exposed to cold DMEM containing 5% goat serum and 10 #g/ml affinity-purified rabbit Abs at 4~ for 30 min, washed once by centrifugation, and fixed in 4% paraformaldehyde in PBS for 30 min at 4~ Where competitions of Ab binding with recombinant proteins were performed, affinity-purified rabbit Abs (10 #g/ml) were preincubated with 500 #g/ml recombinant protein for 1 h at 4~ For immunofluorescence and flow cytometry, the trypomastigotes were exposed to 1:300 diluted fluorescein-conjugated anti-rabbit IgG (Tago Inc., Burlingame, CA) in DMEM containing 5% goat serum for 30 min at 4~ Parasites were washed twice by centrifugation, and evaluated using a fluorescence microscope (Carl Zeiss, Inc., Thornwood, NY) or flow cytometry. Flow cytometric analysis was carried out using a FACScan | (Becton Dickinson & Co. Immunocytometry Systems, San Jose, CA) interfaced with a computer (model 310; Hewlett-Packard, Palo Alto, CA). An excitation source of 488 nm was generated using a 15-roW air-cooled argon-ion laser. Fluorescence emission was collected through a 530/30 band pass filter. Autocomp software version 2.0 along with CaliBRITE beads (Becton Dickinson) were used to set up the instrument. The Consort-30 program (Becton Dickinson) was used for acquisition and analysis of data. For immunoelectron microscopy, Ab-opsonized fixed trypomastigotes were exposed to biotinylated goat anti-rabbit Ab and avidin-biotin-peroxidase complexes as described by the manufacturer (Vector Laboratories, Inc., Burlingame, CA), and processed as previously described (12) .
Immunoperoxidase staining of mouse sciatic nerve was performed using a nerve from a normal 10-wk-old C3H/He female mouse. 7-/~m cryostat sections were cut and stained as previously described (5) using 10/~g/ml of affinity-purified rabbit Abs to FL-160-3 NH2 or FL-160-1 COOH terminus and biotinylated anti-rabbit IgG with avidin-biotin-peroxidase complexes (Vector Laboratories, Inc.). Negative controls included anti-GST Abs (5) and rabbit anti-SA85 1.1 affinity-purified Abs (13) (Fig. 3 B) . Yet these two families are significantly related to the FL-160 genes (Fig. 3 B, significance >6 SD above the mean) . The FL-160-2 predicted OILF contains a fibronectin type III domain (Fig.  3 B) , similar to that found in T. cmzi neuraminidase as first reported by Pereira et al. (20 variable numbers of amino acids (20) . The predicted amino acid sequence of the FL-160-2 genes is highly related to a bacterial sialidase gene (22) (27% homology, significance >6 SD above the mean). Note that the neuraminidase reported by Pereira et al. (20) also had 27% homology to the bacterial sialidases. Though the FL-160 genes do not contain complete sialidase motifs (SXDXGXTW), two to three of the sialidase motif amino acids can be found at the sites where the bacterial sialidases align to the FL-160-2 gene. Southern analysis of T. cruzi CL genomic DNA reveals that a large number of genes are related to the FL-160 family. Southern analysis demonstrates that the FL-160 related genes vary extensively in restriction sites (Fig. 4 a) . We focused on three probes, one from the 5' end of the gene, and two from the 3' end of the gene (Fig. 2 diagrammatically shows  locations of probes) . One of the 3' probes includes the coding sequence for the peptide responsible for antigenic mimicry (3' probe 1). The other 3' probe is just 3' to this probe (3' probe 2). These probes are <50% homologous to SA85 genes and trans-sialidase genes, such that hybridizing and washing at high stringency should identify only members of the FL-160 family. The pattern on Southern hybridization for most restriction enzymes appears to be similarly complex whether a probe from the 5' end of the FL-160 genes is used or whether the probe is from the 3' end. The EcoRI digest shown in Fig. 4 a is an example of this. Most other enzymes tested gave a wide range of hybridization bands (e.g., AvaI, EagI, 687 Van Voorhis et al.
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EcoRV, HinclI, HindlII, NcoI, SaclI, ScaI, and XhoI, data not shown). Some restriction enzymes give less complex patterns. For example, restriction of genomic DNA with PstI and hybridization with a probe from the 5' end of the gene for all six members. None of the six sequences are identical and none of the cDNAs are completely homologous to the Fb160-3 or FI~160-4 (data not shown). More than 80% homology between the various members of the Fb160 family are observed and an ORF with more than 80% predicted amino acid identity with FL-160 is preserved in each cDNA. The nucleotide sequence data has been submitted to EMBL/ GenBank/DDBJ under the accession numbers X71867, X71868, X71869, X71870, and X71871.
gives a strong band at ,,ol kb. A more complex pattern of several PstI bands at 3-8 kb and a minor band at 1.8 kb is seen with 3' end probes. A wide band is found at 4-6 kb with BamHI (data not shown) and BamHI + ApaI digestion (Fig. 4 a) , whether the probe is from the 3' or the 5' end of the molecule. This is probably due to conservation of sequence among the various members of the family. This sequence conservation probably occurs in the noncoding regions because our full-length clone is bounded by BamHI and ApaI sites and none of our clones have a BamHI site in the coding sequence. The FL-160 genes do not seem to be arranged in tandemly repeating arrays of genes, as partial digestion with BamHI does not give hybridizing bands at 4, 8, 12, 16 kb etc. (data not shown). Definitive proof that the genes are not arranged in tandem arrays awaits cloning large pieces of DNA encoding FL-160 genes and chromosomal localization.
More than One Member of the FL-I60 Gene Family Is Transcribed. Fig. 4 b shows a Northern blot of T. cruzi trypomastigote total RNA hybridized to several fragments of the FL-160 gene. Both the 5' (derived from FL-160.3 gene) and the 3' fragments (derived from the FL-160-1 gene) recognize an '~4-5 kb transcript. None of the probes hybridized to epimastigote RNA (data not shown).
T. cruzi and other kinetoplasts are unique in that they have a 39 base spliced leader sequence added by a trans-splicing mechanism in a posttranscriptional process to the 5' end of the mature mRNA (23) . This spliced leader can be used to obtain mature mRNA. The spliced leader sequence was used as a 5' sense primer in a PCR reaction using cDNA for template. First, cDNA was made using an antisense primer that is complementary to all of the sequenced FL-160 genes near the 3' end of the coding sequence (FL-160.1 AS 488 [5] ). This cDNA was then PCR amplified using the sense spliced leader oligonucleotide and an antisense oligonucleotide predicted from the FL-160 genes.
A short cDNA transcript (FL-160 cDNA 1, 642 bp) was cloned and sequenced (Figs. 2 and 3 A) . As expected, the first 11 bp of the 5' end were identical to the spliced leader sequence found on T. cruzi mKNA (23) . Furthermore, the sequence was 79% homologous to the FL-160-2 genomic done. An AT(; exists at the identical position as the predicted start of FL-160.2 (Fig. 2) .
Two antisense primers, each of which binds only a subset of FL-160 genes, were used to demonstrate that at least two subsets of genes are being transcribed. Fig. 5 A shows cDNAdriven PCR products that are made using antisense oligonucleotides homologous to the ORF of FL-160 genes combined with the sense oligonucleotide homologous to the spliced leader sequence. These cDNAs are depicted schematically in Fig. 3 A. Oligonucleotides were synthesized homologous to the region of FL-160-2 bases 1362-1381 and FL-160-4 bases 278-297 (Fig. 2) . These regions had >60% difference between FL-160-2 and FL-160-4. Antisense oligonudeotide FL-160-2 AS 1381, which only binds cDNA homologous to FL-160-2, but not FL-160-4, was used to amplify cDNA 3. Antisense oligonudeotide FL-160-4 AS 297, which only binds cDNA homologous to FL-160-4, but not FL-160-2 was used 689
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to amplify cDNA 4. Note that the products are the same length, about 1,700 bp (Fig. 5) , as predicted from the antisense primers binding the same region. To demonstrate that PCR products cDNA 3 and 4 were from the expected region of FL-160 genes, PCR cDNA products were made that were expected to be shorter (cDNA 2) or longer (cDNA 5) than PCR products cDNA 3 and 4. Antisense primers homologous to all of the FL-160 genes were used to generate cDNA PCR products 2 and 5: FL-160-2 AS 1324 for cDNA 2, and FL-160-2 AS 1926 for cDNA 5. Products of the expected molecular weight are seen in Fig.  5 A, and a diagram of the expected result is shown in Fig.  3 A. The location of the spliced leader in the cDNA 1 corresponds to that of cDNAs 2-5, taking into account the expected differences in length giving the homologous regions of the oligonucleotides used (shown diagrammatically in Fig.  3 A) . This supports the idea that in each case the sense spliced leader oligonudeotide and the antisense primers gave the cDNA corresponding to the expected products. Fig. 3 shows that all PCR products hybridize with a common oligonudeotide expected to bind to all members of the FL-160 gene family (FL-160.2 AS 911). There was no apparent binding to irrelevant DNA such as pBS (data not shown).
FL-160 cDNA PCR products 3 and 4 were directly sequenced and found to represent multiple alleles, that is, in more than 10% of positions, multiple nucleotides were found in sequence analysis. When sequencing from the 5' end, the first 11 bp were homologous to the spliced leader sequence, demonstrating that the PCR products were derived from reverse transcription of mRNA and not contaminating genomic DNA. The FL-160 cDNA PCR products 3 and 4 were subcloned and five of these were sequenced as demonstrated in Fig. 5 B. Each of the five subdones is unique in sequence but has an ORF with about 80% homology to FL-160.2. Note that in comparison with the other sequences: an insertion of 6 bp occurs in FL-160 cDNA 4A; a deletion of 3 bp occurs in FL-160 cDNAs 3A, 3B, and 4A; and a 24-bp region of only 22% homology to the other cDNAs occurs in FL-160 cDNA 3B.
Taken together, the results demonstrate that mRNA homologous with unique regions from at least five FL-160 genes are synthesized. Thus, multiple genes appear to be transcribed. Fig. 6 shows an autoradiogram of hybridization of the 5' and the two 3' probes to slot blots of T. cruzi genomic DNA and to FL-160-3 plasmid. These probes were chosen because they had <50% homology to T. cruzi sequences other than those in the FL-160 family. This blot was quantitatively scanned using phosphoimaging analysis (Fig. 6) . The dose-response of both the FL-160-3 plasmid and the genomic T. cruzi DNA gave a linear increase in cpm with increased DNA except at the highest dose of DNA used. Since the number of plasmids and genome equivalents of DNA applied to the filter was known, an estimate of the number of copies of the gene in the T cruzi genome was possible. The pBS-FL-160-3 plasmid is "~7,000 bp, which means each nanogram of DNA represents (24) which means that each microgram of DNA represents 6.3 x 106 genome equivalents. The number of gene equivalents determined by hybridization was divided by the genome equivalents of T. cruzi DNA. A mean of 752 estimated copies per cell was found for the 5' probe (range 732-768) and a mean of 730 was found for the 3' probe 2 (range 718-742). The 3' probe 1 gave a mean of 2,374 copies per cell (range 2076-2554), suggesting that this probe identifies more members of the family or superfamilies relating to FL-160. Similar values were obtained when the experiment was repeated (data not shown). As a control, an identical analysis was performed using a probe and a reference plasmid containing the CUB gene, previously determined to have two copies per T cruzi genome (11) . Again, a linear relationship was found with the quantity of radioactivity bound with CUB probe hybridized to T. cruzi genomic DNA (0.5-1.5/~g) and to CUB reference plasmid (25-100 pg) (data not shown). A mean of 2.4 copies per cell was found for the CUB probe (range 2.04-2.58), demonstrating that the quantitative hybridization technique gave a result within 80% of the expected number of genes for a two copy per cell gene. Taken together, these experiments suggest the FL-160 genes are part of a 750-copy multigene family.
Quantitative Hybridization Suggests that 750 Copies of FL-160 Genes Are Present in the T cruzi Genome.

Abs to the COOH and the NH2 Termini of FL-160 Both Recognize a 160-ted Flagellar-pocket Surface Protein, but Each Binds a Different Cross-reactive Epitope of Mammalian Nervous
Tissues. Abs were prepared to the COOH terminus of the gene as previously published (4) (5) and also to the NH2 terminus of the gene. The NH2-terminal recombinant protein was made by PCR. amplification of the 5' end of FL-160-3 and splicing the product into pGEX-2 (9). The protein was expressed as a recombinant fusion protein with &histosoma japonicum GST. Rabbits were immunized and the Abs were affinity purified. Fig. 7 demonstrates affinity-purified Abs directed to either the COOH region (the FL-160-1 protein product) or the NH2 terminus recognized a 160-kD protein on Western blots of trypomastigotes. Both Abs recognized a protein distributed along the flageUum of the live trypomastigotes by immunofluorescence (Fig. 8, b and c) or immunoelectron microscopy ( Fig. 8, e andJ) . If trypanosomes were fixed and treated with 0.1% Tween detergent before staining, more diffuse cytoplasmic staining was noted in trypomastigotes and amastigotes (data not shown). This suggests that anti-FL-160 Abs react with trypomastigote flagellar membranes, but that the antigen is more evenly distributed in permeabilized trypomastigotes and amastigotes. Flow cytometry analysis demonstrated that anti-FL-160 Abs bind live trypomastigotes (Fig. 9) . A monomorphic curve of fluorescence was observed, suggesting that all trypomastigotes bind both anti-NH2 and anti-COOH-terminal FL-160 Abs on their surface. The Ab binding demonstrated by flow cytometry was abrogated by excess recombinant fusion protein but not GST recombinant protein, showing antigen specificity. terminal FL-160 Ab plus 250 #g/ml FL-160-3 NH2-terminal GST fusion protdn and then FCARA (----); antiFrozen sections of murine sciatic nerve were exposed to a~inity-purified anti-FL-160 Abs and binding demonstrated by immunoperoxidase. Abs to the NH2 terminus of FL-160 react with epineurium and occasional linear densities within the nerve (Fig. 10) . In contrast, anti-FL-160 COOH-terminal Abs do not bind to epineurium, but rather bind a much higher number of linear elements within peripheral nerve, which probably correspond to peripheral nerve axons (Fig. 10) . Thus, the epitopes the anti-FL-160 NHz and COOH-terminal Abs recognize are distinct. This experiment has been repeated four times, and an identical result obtained each time, i.e., the staining of sciatic nerve is different with the anti-FL-160 COOH and NHz-terminal Abs. Abs to the SA85 1.1 surface protein (13, 16) , provided by Stuart Kahn, did not bind murine sciatic nerve (data not shown).
In experiments not shown, recombinant fusion protein of the FL-160 NH2 terminus-GST eliminates the staining of murine sciatic nerve with anti-NH2-terminal FL-160 Abs. Recombinant FL-160 COOH terminus-GST or GST protein do not inhibit the nerve staining of anti-NH2-terminal FL-160 Abs. Thus the binding of anti-NH2-terminal FL-160 Abs to nerve can be competed only by recombinant proteins containing the NH2 terminus of FL-160.
Discussion
These findings suggest that FL-160, the flagellum-associated 160-kD protein of T cruzi trypomastigotes, is expressed from a family of about 750 genes and or pseudogenes. PCRmediated cDNA synthesis with two oligonucleotides specific for different genes shows that at least five copies of the genes are transcribed. Abs, directed to two different regions of the FL-160 protein, bind to a 160-kD protein on the outer surface of the cell membrane in the flagellar pocket of trypomastigotes. Finally, both the NH2 and COOH terminus of FL-160 protein have distinct molecular mimicry epitopes that are homologous to mammalian nervous tissues.
The predicted amino acid sequence of FL-160-2 has recognizable domains. The NH2 terminus has a putative signal sequence (25) followed by a region with 27% homology to bacterial sialidase. The next region is homologous to the fibronectin type III domain. The COOH terminus lacks the amino acid repeats noted in many other surface antigens of T. cruzi but has the 12-amino acid molecular mimicry epitope. Finally, the COOH terminus has a putative signal for addition of a glycosyl-phosphotidylinositol anchor (26, 27) .
The genes of the FL-160 family are highly related to one another (>80% homology of amino acid sequence among sequenced genes and mRNAs reported here). The FL-160 genes are also highly related to several T. cruzi genes deposited in the DNA databases. The similarity of the Tc exoant (unpublished sequence in EMBL, see above) sequence to FL-160-2 ( Fig. 3 ; 57% homology of the amino acid sequence) suggests it is a member of the same family as FL-160 and alignment to FL-160-2 suggests Tc exoant is missing 47 amino acids from the COOH terminus. Pseudogenes gp85B (c1821) (15) and gp85A (ORF 1) (15) are also highly related to FL-160-2 (Fig. 3, 40 and 48% homology of the amino acid sequences, respectively). The FL-160 genes reported here are cloned from a different strain than Tc exoant, gp85A, or gp85B and some of the differences in sequence could be attributed to differences between different strains of parasites. The gp85A and gp85B sequences are designated pseudogenes because no initiation codon could be identified and no homologous mRNA could be identified (15) . Abs directed to the translated product of the OILF 1 of gp85A bound a 160-kD protein (15) , consistent with these pseudogenes being part of the same family as FL-160 genes. Thus, it is possible that some of the 750 copies of the FL-160 family, identified by quantitative hybridization studies, are pseudogenes. FL-160 is also related to bacterial sialidases and to T. cruzi 85-kD surface protein (SA85) and SAPA/neuraminidase/transsialidase genes. The SA85 and trans-sialidase families have also been shown to be related to bacterial sialidase genes (15) (16) (17) (18) (19) (20) (21) (22) . The homology between the FL-160, SA85, and trans-sialidase families are highest in the region of homology to bacterial sialidases. For this reason, we propose that the group of FL-160, SA85, and trans-sialidase genes are a superfamily of genes related to bacterial sialidases as proposed by Campatella et al. (28) for the latter two families.
Abs to the NH2 or the COOH terminus of the FL-160 protein localize the protein on the surface of the cellular membrane of the flagellar pocket. Western blots with both Abs demonstrate binding to a 160-kD protein of trypomastigotes. Flow cytometry demonstrates that both Abs bind all of the parasites in the population and that this binding is competed away by recombinant FL-160 protein. Ab binding to live parasites demonstrates that the Abs bind to the surface membrane in the flagellar pocket by fluorescence microscopy and trltrastructural localization. These Abs are directed to the recombinant proteins derived from two different FL-160 genes that are "~80% related. These experiments, taken together, demonstrate that the Abs bind to proteins of identical molecular weight and localization. The role of the FL-160 protein in the physiology of the trypomastigote and the flagellar apparatus is unknown at present. One possibility is that the region with sialidase homology is employed for carbohydrate binding and/or cleavage.
Like Tr'ylmnosoraa brucei, T. cruzi has large numbers of genes for its mammalian stage surface proteins. T. brucei generally expresses only one member of this gene family at a dm~ Unlike T brucei, T cruzi mammalian forms express many members of its surface proteins at once. The 85-kD surface protein (SA85) family has been shown to be a large gene family of which at least nine members are transcribed and three are translated simultaneously (13) . At least five of the FL-160 genes appear to be transcribed. By extrapolation to the results with the SA85 family, we hypothesize that many of the FL-160 gene family are transcribed and translated. If this is true, it would imply that the 160-kD protein that is localized to the outer membrane of the flagellar pocket is actually made up of a number of related proteins. These proteins would have 10-20% amino acid differences, yet it is interesting that they are retain the molecular mimicry epitope for mammalian nervous tissues found within the COOH terminus of the FL-160 proteins. Whether this sequence is conserved by chance, for a functional purpose, or for immune evasion via molecular mimicry is unknown.
There are many possible reasons for the apparent diversity of expression of SA85 and FL-160 surface proteins. One possibility is that the diversity in surface proteins somehow leads to immune evasion. The various peptides generated by the variations in sequence, bound in MHC molecules, may be responsible for the polyclonal lymphocyte proliferative response observed in acute Chagas' disease (8, 29) . The polyclonal lymphocyte proliferative response may be responsible for the general suppression in lymphocyte responses after this proliferative response, and the general suppression in lymphocyte responses may be responsible for the persistence of the infection in the mammalian host. The variations in sequence may also direct the immune response away from functional domains, such as domains responsible for trans-sialidase function. Another possibility is that the SA85 and FL-160 surface proteins are involved with host eel1 binding or interaction. Diverse binding proteins may be required to bind the wide variety of calls and mammalian hosts that T. cruzi infects.
Both the NH2 and the COOH termini of FL-160 appear to have different molecular mimicry epitopes for mammalian tissues. This is evidenced by the distinct pattern of binding of sciatic nerve by Abs directed to the NH2 and COOH termini of FL-160. Furthermore, binding by anti-FL-160 NH2-terminal Abs could be blocked by recombinant protein bearing the NHz terminus of FL-160, and not the recombinant COOH terminus of FL-160. This suggests that there are two distinct molecular mimicry epitopes for mammalian nervous tissue on FL-160. In contrast, affinity-purified Abs to T. cruzi surface antigen recombinant SA85 1.1 protein did not react with mammalian nervous tissue. This suggests that the molecular mimicry of mammalian nervous tissues by FL-160 may be unique, and not a general property of T. cruzi surface antigens. It is possible that the cross-reactive immune response to FL-160 has a role in the pathophysiology of the damage to nervous tissue observed in chronic Chagas' disease.
